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              FLUCTUATIONS in weight in older persons may indi-
cate diffi culty maintaining homeostasis and therefore 

may be an early indication of declining health. Low body 
weight, weight loss, and weight instability have been associ-
ated with increased mortality in a number of studies ( 1  –  15 ). 
In older adults, there is some evidence that being overweight 
does not increase risk for mortality ( 3 , 7 , 16 ), but obesity at all 
ages remains a signifi cant predictor of disability ( 16 , 17 ). 
Less well defi ned are the associations of weight changes 
with new onset of functional diffi culty, where associations 
were seen in subgroups defi ned by sex or starting weight, but 
were not consistently observed for all participants, and where 
weight change was estimated from self-reported weight at an 
earlier age or during short-term follow-up of a cohort ( 18  –
  21 ). For both mortality and functional impairment, questions 
remain about the signifi cance of weight changes, in particu-
lar weight variability and weight cycling, when observed 
over time in older persons, a situation distinct from self- 
reported changes in weight from a much younger age. 

 Using measured weights over 7 years from participants in 
the Cardiovascular Health Study (CHS), we explored the as-
sociations of mean weight and variability about the mean, 
average weight change per year, and episodes of weight cy-
cling, with new onset of functional diffi culties and mortality 
among persons aged 65 and older. We hypothesized that 
higher weight and weight variability would predict incident 
functional impairment and that weight loss, variability, and 
cycling would predict mortality in this older cohort, even af-
ter adjustment for self-reported health and comorbidities.  

 M ethods   

 The CHS 
 The CHS is a population-based study of risk factors for 

cardiovascular disease (CVD) in older adults, sponsored by 
the National Heart, Lung, and Blood Institute ( 22 ). Partici-
pants aged 65 and older were recruited from random 
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samples of Medicare eligibility lists in four communities: 
Sacramento County, California; Washington County, 
 Maryland; Forsyth County, North Carolina; and Pittsburgh, 
Pennsylvania; and from age-eligible participants in the 
same household. Potential participants were excluded if 
they were institutionalized, wheelchair bound in the home, 
or under active treatment for cancer, including hospice 
care, radiation, or chemotherapy. An original cohort of 
5,201 participants was enrolled in 1989 – 1990, and a second 
cohort of 687, predominately African Americans, was en-
rolled 3 years later in order to increase the diversity of the 
cohort. The combined cohort of 5,888 was 57.6% women 
and 15.7% Black. The average age at enrollment was 72.8 
( ± 5.6) years. Participants provided written informed con-
sent, and study methods were approved by the institutional 
review boards at each participating center. Details of the 
design and recruitment have been published ( 22 , 23 ). 

 Semiannual contacts alternated between clinic visits and 
phone calls through 1999, and phone calls continue through 
the present time. Components of the annual exams varied, 
but consistently included medical history, medication use, 
measurement of weight, and self-reported health status. In 
2005 – 2006, participants were seen again in their home or 
the clinic to assess physical and cognitive function.   

 Study Participants and Time Line 
 The current analysis includes participants who were alive 

at the end of the annual clinic visits in 1999 and who had at 
least fi ve measurements of weight between 1992 and 1999. 

 In order to defi ne four summary measures from weight 
history, at least four weights must be observed. Because the 
opportunity to observe weight cycling depends on the num-
ber of weight measurements and length of time under obser-
vation, only weight measurements from the time of 
enrollment of the second cohort were considered, for a 
maximum of seven weight measurements per person, and 
only persons with fi ve or more weights were included to 
minimize the likelihood of misclassifying weight cycling. 
Participants were followed for survival and functional status 
to the time of the 2005 – 2006 visits.   

 Defi nitions 
 Measurements defi ning each participant’s weight history 

from 1992 to 1999 included mean weight, average rate of 
change, calculated as the slope of the regression line of 
weight on year, the coeffi cient of variation (CV) about the 
mean, defi ned as the standard deviation divided by the mean, 
and an indicator for weight cycling ( Figure 1 ). Weight cy-
cling was present if the participant both lost and gained 
greater than or equal to 5% of their body weight over time, 
when weight changes were evaluated yearly by comparing 
current weight against weight in the previous year and the 
initial year. For each year in turn, participants were classi-
fi ed as stable, if weight changed by less than 5% from the 

prior year and from baseline; weight loss (gain) if the par-
ticipant lost (gained) 5% of body weight between consecu-
tive visits or from baseline, without an intervening 5% gain 
(loss); and unstable or cycling after undergoing both a 5% 
loss and gain. Once a participant experienced a loss or gain, 
he/she remained in the loss or gain group unless and until 
weight changed suffi ciently in the opposite direction to 
qualify as weight cycling. Weight pattern groups summarizing 
the cumulative observed pattern of loss, gain, stable, or cy-
cling (unstable) were also defi ned. We use the phrase 
 “ weight summary measures ”  to refer to the four trajectory 
summaries of mean weight, slope, CV, and the indicator for 
weight cycling, and the term  “ weight pattern ”  to indicate the 
groups defi ned by loss, gain, stable, or unstable (cycling).     

 Two measures of physical function were considered. Phys-
ical disability was defi ned as any diffi culty with one or more 
of six activities of daily living (ADL): walking around the 
home, dressing, eating, bathing, toileting, or getting out of 
a bed or chair. Mobility impairment was defi ned as self-
reported diffi culty walking up 10 steps or walking half a mile. 
Questions on functioning were asked at 6-month intervals 
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 Figure 1.        Illustration of four weight measures. Points = observed weights; 
solid line = regression of weight on study year; dotted line = mean weight; 
squared distance from points to dotted line are components of the standard de-
viation, the numerator of the coeffi cient of variation. Top fi gure includes weight 
cycling; bottom fi gure does not.    
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between 1999 and 2005 – 2006, except for the year 2003 –
 2004, when these questions were not included in the tele-
phone interview. 

 Health status was self-reported as excellent, very good, 
good, fair, or poor and recoded for analysis into good or better 
versus fair or poor. Diabetes was defi ned based on taking 
medications for diabetes. Hypertension was defi ned as a 
seated blood pressure greater than 140/90 mmHg or a re-
ported history of hypertension along with use of antihyper-
tensive medications. Lung ailments included self-report of 
doctor-confi rmed chronic bronchitis, emphysema, or 
asthma. Cancer was defi ned as any hospitalization for can-
cer. Cardiovascular events, including angina, myocardial 
infarction, congestive heart failure, claudication, stroke, and 
transient ischemic attack, were self-reported and then medi-
cal records obtained and adjudicated by committee as previ-
ously described ( 24 ). Coronary heart disease included 
angina, myocardial infarction, bypass surgery, or angio-
plasty. Deaths were identifi ed during regular 6-month con-
tacts, by proxy informants, medical records, and obituaries, 
and are 100% complete.   

 Statistical Analysis 
 Participants alive in    1998 – 1999 but excluded from the 

analysis due to insuffi cient data were compared against 
those included using chi-square tests for categorical vari-
ables and analysis of variance (ANOVA) for continuous 
measures. Pearson correlation coeffi cients ( 25 ) were com-
puted to evaluate pairwise associations between the weight 
summary measures. Participant characteristics and comor-
bidities were compared across weight pattern groups using 
chi-square tests and ANOVA as appropriate. Pairwise com-
parisons were assessed, using a Bonferroni ( 25 ) correction 
for the overall  p  value. Cox proportional hazards regres-
sions ( 26 ) were used to estimate the relative risks associated 
with the weight summary measures for incident ADL diffi -
culty, incident mobility diffi culty, and mortality. The four 
weight summary measures were included simultaneously in 
the multivariable models. Incident ADL impairment and 
mobility impairment were computed from phone follow-up 
data between 1999 and 2005 – 2006 among participants 
without the diffi culty in 1998 – 1999. Dates of impairment 
were estimated as the median date between the time the im-
pairment was fi rst reported and the previous contact. Par-
ticipants with incomplete follow-up were censored after 
their last follow-up contact or death. All analyses were ad-
justed for age, sex, race, height, and high school education, 
measured at baseline, and any of the following, determined 
in 1998 – 1999, that were signifi cantly associated with the 
outcome: current smoking, diabetes, osteoporosis, self-
reported health, hypertension, lung ailments, cancer, con-
gestive heart failure, coronary heart disease, claudication, 
stroke, or transient ischemic attack. The signifi cant covari-
ate variables were entered fi rst into the multivariable mod-

els, and associations of the continuous weight summary 
measures were assessed for nonlinearity by examining re-
sidual plots and testing the signifi cance of quadratic effects 
in the models. Interactions of mean weight with slope and 
interactions of the weight summary measures with sex and 
race were evaluated for signifi cance. Sensitivity analyses 
were performed that included only those participants who 
self-reported good to excellent health in 1998 – 1999, in or-
der to reduce the likelihood that weight changes were due to 
poor health. Regression analyses were repeated using the 
weight pattern groups instead of the four weight summary 
measures for comparability with results reported in the 
literature.    

 R esults  
 A total of 4,199 participants were alive at the time of their 

1998 – 1999 annual follow-up and 3,963 (94.4%) were con-
tacted. Of those, 3,278 (82.7%) had at least fi ve measure-
ments of weight and were included in the analysis for 
mortality. Those included were healthier, younger, and had 
less cognitive and functional diffi culty than those excluded, 
but did not differ by baseline weight or average weight 
change (among those with at least two weight measure-
ments). After excluding participants with ADL or mobility 
diffi culty, 2,492 were at risk for new onset of ADL diffi culty 
and 2,136 for mobility diffi culty. Characteristics of the co-
hort in 1998 – 1999 are shown in  Table 1 . The mean age was 
80 years; 16.5% were African American and 61.4% (2,013) 
were women.     

 Statistics describing the weight trajectory summary mea-
sures and the weight patterns appear in  Table 2 . Note that 
weight cycling is common to both our summary and pattern 
constructs, and the results for weight cycling appear only 
once in the table, under the heading of  “ weight patterns. ”  
The average weight change was a loss of approximately 
three-fourth pounds per year, with women losing more on 
average than men. Nearly one fourth of the women and one 
fi fth of the men experienced weight cycling, 20% of whom 
had more than one episode of cycling.     

 Because our conceptual model required simultaneous en-
try of four weight trajectory summary measures, we fi rst 
explored the linear correlations among them. The CV of 
weight was negatively correlated with both the mean weight 
( r  =  − .13) and the slope ( r  =  − .51) and positively correlated 
with weight cycling ( r  = .32), all  p  < .0001. Although the 
linear correlation of the CV with slope was fairly strong, the 
relationship was v shaped indicating that the CV was higher 
in participants whose absolute weight change was greater in 
either direction. Despite its positive correlation with the CV, 
the weight cycling measure was needed to capture the as-
pect of both loss and gain, which is not necessarily captured 
by the CV as demonstrated in  Figure 1 . The fi gure shows 
two individuals with similar mean weights, slopes, and 
CVs, but one experienced weight cycling and the other did 
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not. To further distinguish these two measures, note that 
weight cycling is absent in the presence of large unidirec-
tional weight changes, when the CV is high, and is present 
with changes in both directions, which, if close to the 5% 
threshold, may not result in a large CV. 

 Changes in weight during the 7-year period were highly 
associated with participant characteristics and health status 
measures at the end of the period ( Table 1 ). Men were more 
likely than women to remain at a stable weight, and African 
Americans were less likely to lose weight or experience 
weight fl uctuations than Caucasians. Participants who expe-
rienced weight loss or weight fl uctuations were generally 
older, in poorer overall health, more likely to be current 
smokers, and to have diabetes or CVD than those who re-
mained stable or gained weight. ADL and mobility diffi cul-
ties were greater in participants who experienced weight 

 Table 2.        Summaries of Weight History, 1992 – 1999  

  
Women, 

 N  = 2,013
Men,  

N  = 1,265
All,  

N  = 3,278  

  Mean weight, lbs 150 (30.0) 176 (27.4) 160 (31.6) 
 Weight change, lbs/y  − 0.76 (2.22)  − 0.68 (2.07)  − 0.73 (2.16) 
 Weight variability, CV 0.038 (0.024) 0.031 (0.020) 0.035 (0.022) 
 Weight patterns,  N  (%)  
     Loss 688 (34.2) 369 (29.2) 1,057 (32.2) 
     Stable 451 (22.4) 411 (32.5) 862 (26.3) 
     Gain 391 (19.4) 241 (19.0) 632 (19.3) 
     Cycling (unstable) 483 (24.0) 244 (19.3) 727 (22.2)  

    Note:  Entries are mean ( SD ) unless otherwise noted. lbs = pounds; CV = 
coeffi cient of variation.   

 Table 1.        Description of Cohort in 1998 – 1999 and Associations With Weight Changes, 1992 – 1999  

  
All,

 N  = 3,278
Weight Loss, 
 N  = 1,057 a

Stable Weight, 
 N  = 862 b

Weight Gain, 
 N  = 632 c

Weight 
Cycling, 

 N  = 727 d  p  Value *   

  Male sex 1,265 (38.6) 369 (34.9) 411 (47.7) 241 (38.1) 244 (33.6) <.001; ab, bc, bd 
 Black race 542 (16.5) 190 (18.0) 104 (12.1) 105 (16.6) 143 (19.7) <.001; ab, bd 
 High school graduate 2,473 (75.4) 766 (72.5) 688 (79.8) 490 (77.5) 529 (72.8) <.001; ab, bd 
 Age, y 80.0 (4.65) 80.9 (4.9) 79.3 (4.2) 79.0 (4.3) 80.2 (4.8) <.001; ab, ac, ad, bd, cd 
 Weight, lbs 157 (32.4) 149 (31) 162 (31) 167 (32) 155 (33) <.001; ab, ac, ad, bd, cd 
 CV of weight 0.035 (0.022) 0.045 (0.024) 0.016 (0.005) 0.031 (0.013) 0.049 (0.023) <.001; all pairs 
 Current smoker 216 (6.6) 82 (7.8) 36 (4.2) 38 (6.0) 60 (8.3) .003; ab, bd 
 Diabetes 367 (11.2) 138 (13.1) 69 (8.0) 66 (10.4) 94 (12.9) .002; ab, bd 
 Hypertensive 2,096 (64.0) 668 (63.2) 533 (61.8) 413 (65.4) 482 (66.4) .23 
 CHF 401 (12.2) 157 (14.8) 66 (7.7) 53 (8.4) 125 (17.2) <.001; ab, ac, bd, cd 
 CHD 896 (27.3) 314 (29.7) 198 (23.0) 154 (24.4) 230 (31.6) <.001; ab, bd, cd 
 Claudication 109 (3.33) 37 (3.5) 16 (1.9) 15 (2.4) 41 (5.6) <.001; bd, cd 
 Stroke 262 (8.0) 95 (9.0) 49 (5.7) 40 (6.3) 78 (10.7) .001; ab, bd, cd 
 TIA 135 (4.1) 48 (4.5) 27 (3.1) 25 (4.0) 35 (4.8) .32 
 Osteoporosis 440 (13.5) 135 (12.8) 105 (12.2) 84 (13.4) 116 (16.0) .13 
 Lung ailments 468 (14.3) 153 (14.5) 112 (13.0) 90 (14.3) 113 (15.6) .54 
 Any cancer 641 (19.6) 205 (19.4) 155 (18.0) 119 (18.8) 162 (22.3) .17 
 Fair or poor health 947 (28.9) 359 (34.0) 173 (20.1) 142 (22.5) 273 (37.6) <.001; ab, ac, bd, cd 
 ADL diffi culty 786 (25.1) 272 (27.1) 153 (18.6) 144 (23.6) 217 (31.2) <.001; ab, ac, bd, cd 
 Mobility diffi culty 1,143 (37.0) 425 (43.1) 213 (26.1) 201 (33.40) 304 (44.3) <.001; ab, ac, bc, bd, cd  

    Notes : Entries are  N  (%) for categorical variables and mean ( SD ) for continuous variables. ADL = activities of daily living; CHD = coronary heart disease; CHF = 
congestive heart failure; CV = coeffi cient of variation; TIA = transient ischemic attack.  

  *       The lettered pairs identify signifi cantly different weight pattern groups, after correcting for multiple comparisons (see  Statistical Analysis     ).   

loss or fl uctuations compared with those who remained 
stable or who gained weight. 

 Among the participants without ADL diffi culty in 1999, 
1,350 (54%) reported new diffi culty during follow-up, in-
cluding 866 (58%) women and 484 (48%) men. After ad-
justment for age, sex, race, height, high school education, 
diabetes, cancer, and self-reported health, higher mean 
weight, weight variability, and weight cycling were associ-
ated with an increased risk of ADL impairment ( Table 3  and 
 Figure 2A ). The table provides two columns of results for 
each weight dynamic: in the fi rst column, models were ad-
justed for height and demographics, and in the second 
column, additionally adjusted for self-reported health and 
comorbidities. A history of weight cycling increased the risk 
of ADL diffi culty by 28%, a risk estimate similar to those for 
diabetes and  cancer ( Figure 2A ). In addition, each standard 
deviation increase in the CV increased risk by 11%. Results 
were similar for incident mobility diffi culty ( Table 3  and 
 Figure 2B ), which was very common in this cohort. A total 
of 1,537 participants (72%) of those at risk developed a mo-
bility diffi culty during follow-up, including 945 (76%) 
women and 592 (66%) men. Results were unchanged when 
limited to participants with self-reported good to excellent 
health in 1998 – 1999. There were no interactions of the 
weight summary measures with sex or race, and neither ini-
tial weight nor mean weight modifi ed associations of the 
other weight summary measures with functional outcomes.         

 Analyses using weight patterns, instead of the slope, CV, 
and cycling indicator yielded similar results ( Table 3 ). Risk 
of ADL impairment was greatest in the unstable group and 
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 Table 3.        Adjusted *  Hazard Ratios of Weight Summaries by Outcome  

  Incident ADL  †  Incident Mobility Diffi culty  ‡  Mortality §   

  No. of cases/no. at risk 1,350/2,492 1,537/2,136 1,072/3,278 
 Model 1. Trajectory summaries 
     Mean weight, per 32 lbs  ||  1.14 (1.07, 1.22); 1.11 (1.04, 1.19) 1.16 (1.05, 1.20); 1.12 (1.05, 1.20) 0.87 ¶  (0.81, 0.94); 0.83 ¶  (0.77, 0.89) 
     Weight change, lbs/y 0.98 (0.95, 1.01); 0.98 (0.95, 1.01) 1.01 (0.98, 1.04); 1.01 (0.99, 1.04) 0.93 (0.90, 0.96); 0.93 (0.91, 0.96) 
     Weight variability, per  SD  of CV 1.14 (1.08, 1.21); 1.11 (1.05, 1.17) 1.11 (1.05, 1.18); 1.07 (1.01, 1.13) 1.21 (1.14, 1.28); 1.13 (1.07, 1.20) 
     Weight cycling 1.30 (1.14, 1.50); 1.28 (1.12, 1.47) 1.25 (1.09, 1.42); 1.25 (1.09, 1.42) 1.39 (1.21, 1.61); 1.20 (1.04, 1.39) 
 Model 2. Weight patterns  #   
     Loss 1.32 (1.15, 1.53); 1.27 (1.10, 1.46) 1.14 (1.00, 1.31); 1.08 (0.95, 1.24) 1.82 (1.54, 2.17); 1.58 (1.33, 1.88) 
     Stable 1.00 (ref) 1.00 (ref) 1.00 (ref) 
     Gain 1.04 (0.88, 1.23); 1.03 (0.87, 1.22) 1.10 (0.95, 1.27); 1.06 (0.91, 1.22) 1.14 (0.92, 1.40); 1.10 (0.89, 1.36) 
     Cycling (unstable) 1.64 (1.40, 1.92); 1.54 (1.32, 1.80) 1.44 (1.25, 1.67); 1.36 (1.18, 1.58) 2.20 (1.83, 2.63); 1.66 (1.38, 2.00)  

    Notes:  ADL = activities of daily living; CHD = coronary heart disease; CHF = congestive heart failure; CV = coeffi cient of variance; lbs = pounds; TIA = transient 
ischemic attack.  

  *       Results in the fi rst rows are adjusted for age, sex, height, race, and high school education. Results in the second rows are additionally adjusted for self-reported 
health and comorbidities, with specifi c adjustment variables given in the footnotes.  

   †        Additionally adjusted for diabetes, cancer, and self-reported poor or fair health.  
   ‡        Additionally adjusted for diabetes, hypertension, CHF, CHD, TIA, cancer, and self-reported poor or fair health.  
  §       Additionally adjusted for diabetes, CHF, claudication, stroke, current smoking, cancer, and self-reported poor or fair health.  
   ||        Thirty-two pounds is 1  SD .  
  ¶       At the overall mean weight of 160 pounds; quadratic association found.  
   #        Additionally adjusted for starting weight   .   

also elevated in the weight loss group, but not in the weight 
gain group compared with the stable group. Higher weight 
remained a risk factor. For new onset of mobility impair-
ment, only the unstable group was signifi cantly different 
from the stable group in the model adjusted for health status 
and comorbidities. Weight cycling was the only measure of 
variability in the weight pattern models, and its association was 
greater than in the models that also included the CV of weight. 

 A total of 1,072 (32.7%) of the participants    died during 
follow-up, including 589 women (29.3%) and 483 (38.2%) 
men. After adjustment for age, sex, race, height, education, 
self-reported health, current smoking, diabetes, congestive 
heart failure, claudication, stroke, and cancer, weight loss, 
weight variability, and weight cycling were all associated 
with increased risk of mortality ( Table 3  and  Figure 2C ). 
There was a    signifi cant ( p  = .001) quadratic effect for mean 
weight, with an infl ection point at approximately 205 lbs 
(pounds) in the multivariable model. The range of mean 
weights in our study was 73 – 309 lbs, with only 8% of par-
ticipants weighing more than 205 lbs. The unadjusted asso-
ciation of mean weight with mortality for men and women 
indicated a strong increase in risk at the lowest weights, es-
pecially for women, and a modest increase again for very 
high weights. Weight cycling increased risk by 20%, and the 
combined effect of a 1  SD  higher CV plus an episode of 
weight cycling increased risk of mortality by 36% (95% 
confi dence interval: 19% – 56%). Results were unchanged 
when limited to participants with self-reported good to ex-
cellent health in 1998 – 1999. Results were consistent when 
weight patterns were modeled ( Table 3 ), although, as before, 
the relative risk estimate for weight cycling was greater in 
the absence of the CV of weight. There were no interactions 
of the weight summary measures with sex or race, and nei-

ther initial weight nor mean weight modifi ed associations of 
the other weight summary measures with mortality.   

 D iscussion  
 Using four summary measures from weights measured 

over 7 years in older adults, and patterns of weight change 
defi ned by 5% changes in weight, we have shown that 
higher variability in weight increased the relative risk for 
physical disability and mortality in the subsequent 7 years. 
Two measures of weight variability were considered: over-
all variability about a person’s mean weight and weight cy-
cling or weight instability. Both measures of variability 
were jointly predictive after adjustment for mean weight 
and average annual weight change. Once variability was 
considered, average annual weight change was not a risk 
factor for new onset of physical limitations, but higher mean 
weight was. Weight loss increased the risk for mortality, and 
the overall association of mean weight with mortality indi-
cated increased risk with low and very high weights. 

 Our results support and extend the work of others. Several 
authors have reported associations of weight, weight loss, and 
weight variability with mortality ( 1  –  15 ) and of weight and 
weight change with physical diffi culties ( 16  –  21 ), but to our 
knowledge, no one has evaluated simultaneously all the as-
pects of weight history captured by the four measures in-
cluded here. Although intercorrelated, each of the four 
measures captures a unique aspect of the weight trajectory. In 
particular, commonly used measures of linear change, or clas-
sifi cation into groups by amount and direction of change, fail 
to account for either variability or weight cycling. The addi-
tion of the CV to quantify variability still does not character-
ize weight cycling, as argued by Jeffrey ( 27 ) and illustrated in 
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 Figure 1 . Further, we have utilized extensive health history 
data on individuals to evaluate the effect of weight history 
conditional on current health status. That is, for two individu-
als with similar risk factor and health status profi les, the one 
with greater variability in weight is at increased risk for phys-
ical impairments and mortality. 

 Although low weight is a known risk factor for mortality 
in older persons, a U-shaped association of mortality with 
body mass index (BMI) has also been reported ( 28 ). We 
found a similar, but fl atter association for weight in multi-
variable models that adjusted for height, although few in the 
CHS cohort would be at increased risk due to high weight, 
and in the weight pattern models, neither weight gain nor 
initial weight were associated with increased risk of mortal-
ity. Others have reported a differential effect of weight 
change by initial weight ( 15 ). There was a modestly signifi -
cant interaction of mean weight with weight change ( p  = 
.03) in the analysis for mortality, but it became nonsignifi -
cant ( p  = .09) once weight squared was included in the 
model. Initial weight was not as strong a predictor as mean 
weight, and we found no difference in association of overall 
weight pattern by initial weight or mean weight. 

 Weight changes, especially weight loss and weight cy-
cling were associated with poorer self-reported health and 
comorbidities, which increase the risk of mortality and 
physical limitations. Risk estimates were adjusted for health 
status in 1999, the end of the period of weight observation, 
to ascertain the effect of weight changes above and beyond 
associated conditions. There was little attenuation of demo-
graphic-adjusted results after further adjustment for comor-
bidities, suggesting that health conditions do not explain the 
associations of weight dynamics with physical limitations 
or mortality. Sensitivity analyses restricted to participants in 
good to excellent health yielded identical results.  Figure 
2(A – C)  allows for comparison of the effects of weight sum-
mary measures with other risk factors for functional limita-
tions or mortality. The magnitude of the association between 
weight cycling and mobility limitations or ADL diffi culty 
was similar to that for several comorbidities, such as cancer 
and diabetes, and the combined effects of variability (CV) 
and cycling on mortality were similar to those for smoking 
and diabetes. That weight variability, after adjusting for av-
erage weight and weight change per year, would still confer 
an amount of risk similar to diabetes or smoking is clear 
indication that weight fl uctuations in older persons are not 
benign. These fl uctuations include weight loss followed by 
recovery and support our hypothesis that the inability to 
maintain one’s weight through periods of illness may be an 
indication of poorer homeostatic control, with the potential 
for subsequent health consequences. 

 To consider further the issue of weight loss followed by 
recovery, we evaluated consecutive years of weight changes 
during the time of annual weight measures from 1989 – 1999 
and created indicators for the nine possible pairings of the 
three states from year to year: loss, stable, or gain to repre-
sent changes during every 2-year interval. We found that all 
patterns of change except for gain – stable and gain – gain 
were associated with increased odds of mortality compared 
with the stable – stable group, after adjustment for age, sex, 
race, current weight, and comorbidities. In particular, the 
pattern of weight loss followed by gain had an odds ratio 
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B.  Incident Mobility Difficulty 
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.5 1 1.5 2 2.5
Hazard Ratio
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 Figure 2.        Hazard ratios (95% confi dence intervals) for weight measures and 
comorbidities from multivariable models. ( A ) Incident activities of daily living 
(ADL) diffi culty. ( B ) Incident mobility diffi culty. ( C ) Mortality. CHF = conges-
tive heart failure; CV = coeffi cient of variation; lbs = pounds.    *32 lbs = 1 standard 
deviation.  Also adjusted for age, sex, race, height and high school education.    
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(95% confi dence interval) of 2.20 (1.46, 3.30), which was 
not signifi cantly different from the odds of 2.57 (2.11, 3.13) 
for the stable – loss group or 2.59 (1.67, 4.01) for the gain –
 loss group. Only the loss – loss group had a signifi cantly 
greater odds ratio of 4.17 (2.78, 6.21). Our power was 
 limited because only 1.2% of the time was a gain directly 
followed by a loss; so, these results need confi rmation in 
other studies with ample longitudinal measures of weight, 
but they lend support to our fi ndings that weight changes 
are associated with adverse outcomes, even if weight loss is 
followed by a gain. 

 Current literature on weight and physical functioning 
documents the strong effect of obesity on disability 
( 16 , 17 ). Associations of weight change with physical 
functioning were reported by Houston and Lee ( 19 , 20 ). 
Houston and colleagues found an association of weight 
change from age 25 to middle age with increased ADL 
limitations, but results were not consistent across race and 
sex groups and weight variability was not considered, nor 
would these results necessarily apply to an older popula-
tion. Lee and colleagues explored weight change, weight 
change intention, and incidence of mobility limitation over 
30 months in adults aged 70 – 79 years. They found that 
weight loss and weight fl uctuation were associated with 
mobility limitation only in participants with lower BMI. 
We did not fi nd any differences in associations by initial 
weight, mean weight, sex, or race. In our analyses of 
weight patterns, weight loss was associated with incident 
ADL diffi culty; but when the four weight summary mea-
sures were used, weight change per year was not signifi -
cant. This may be due to the higher weight variability seen 
in the weight loss group ( Table 1 ), and once variability 
was separately accounted for, weight loss in itself was not 
a risk factor. This is further supported by an exploration of 
signifi cance in the multivariable models, where, after con-
trolling for covariates, slope was signifi cantly associated 
with new ADL diffi culties when other weight summary 
measures were not included in the model and lost signifi -
cance once the CV was entered. 

 Strengths of our work include use of measured rather 
than self-reported weights, a focus on current weights in 
older persons rather than comparisons with recalled weights 
at an earlier age, enough repeated weight measurements to 
capture weight cycling, 7 years of follow-up beyond the 
weight trajectory measures, and adjustment for risk factors 
and health status at the end of the trajectory. A limitation of 
our work is that we have not considered intentionality of 
weight changes. It is unlikely that a single reason explained 
a participant’s weight changes during the 7 years of the tra-
jectory, making it diffi cult to classify; so, we have chosen 
instead to adjust for health conditions that would infl uence 
both the weight history and the outcomes of interest. Sev-
eral studies have shown that episodes of unexplained weight 
loss are associated with poor health outcomes in geriatric 
outpatients, but these studies typically only consider weights 

over periods of a year or less. Episodes of severe illness 
may be associated with periods of weight loss, and weight 
regain may occur during the recovery period. So, despite the 
fact that we adjusted for many common comorbidities and 
overall health status, part of the association between weight 
dynamics and outcomes may refl ect to some extent the un-
derlying disease burden in our participants. 

 Our fi ndings suggest that monitoring the weight of an 
older person for fl uctuations or episodes of both loss and 
gain is an important aspect of geriatric care. Patients who 
are able to maintain a stable weight through periods of ill-
ness may represent those with better homeostatic control, 
and conversely, those who are unable to maintain a stable 
weight may be at increased risk for physical disability or 
mortality.   
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